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Abstract

The growing number of people living with dementia will result in increased costs of
dementia worldwide. The e-Health intervention ‘Exergaming’ may improve health and
quality of life of people with dementia, but the cost-effectiveness is unknown. We
assessed the cost-effectiveness of exergaming compared to regular activities from a
societal perspective in day-care centres (DCC) for people with dementia and their in-
formal caregivers (IC) alongside a cluster randomised controlled trial. We included 112
dyads (person with dementia and IC) from 20 psychogeriatric DCCs (11 exergaming,
9 control) across the Netherlands. Exergaming consisted of interactive cycling at least
twice a week for 6 months. Measurements were conducted at baseline (TO), after 3
(T1) and 6 (T2) months. Primary outcomes were minutes of physical activity, mobility
of the participants with dementia (Short Physical Performances Battery, SPPB), and
Quality-Adjusted Life-Years (QALYSs) of participants with dementia and ICs. ICs filled
out cost diaries to measure healthcare and informal care utilisation during the study.
There were no statistically significant differences in outcomes or costs between the
groups at the level of participants with dementia, the ICs or the dyad. With regard
to QALYs and SPPB, the probability that exergaming is cost-effective compared to
control was low for all possible willingness-to-pay (WTP) thresholds. However, for
physical activity at WTP thresholds of 0, 50 and 250 Euros per additional minute
of physical activity, the probability of cost-effectiveness is 0.46, 0.84 and 0.87, re-
spectively. Exergaming in DCC was not cost-effective compared to usual activities.
However, considering the small sample size and the large number of missing observa-
tions, findings should be interpreted with caution. Future studies with larger samples
are recommended to obtain definitive answers on the cost-effectiveness of exergam-
ing. This trial was registered in the Netherlands Trial Register (NTR5537/NL5420).
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1 | INTRODUCTION

The number of people with dementia worldwide has risen from
29 million in 2005 to 50 million in 2019 (Wimo et al., 2007; World
Health Organization, 2019). This number is predicted to climb
to 82 million in 2030 and 152 million in 2050 (World Health
Organization, 2019). As a result, the worldwide costs of demen-
tia increased from €258 billion ($315 billion) in 2005 to €669 bil-
lion ($818 billion) in 2015, and are predicted to increase to up to
€1.64 trillion ($2 trillion) in 2030 (Wimo et al., 2007; World Health
Organization, 2017, 2019).

In the Netherlands, the number of people with dementia has in-
creased from 50,000 in 1950 to 280,000 in 2019 and is predicted
to rise to 520,000 by 2040 (Alzheimer Nederland, 2019) due to the
ageing of the population and increased life expectancy. Dementia
care costs in the Netherlands are expected to rise by 2.7% annu-
ally (Alzheimer Nederland, 2019). As such, dementia is the most ex-
pensive disease for the population in the Netherlands (Winkelhof
etal., 2019).

Physical exercise is known to have potential benefits, both for
people with and without dementia, on physical, cognitive, emotional
and social functioning, as well as on quality of life (QoL) (Blondell
et al.,, 2014; Heyn et al., 2004; Penedo & Dahn, 2005; Pitkala
et al., 2013; Potter et al., 2011; Taylor et al., 2004). However, symp-
toms accompanying dementia, such as increased apathy and a de-
crease of motivation and interest, may make it hard for people with
dementia to engage in physical exercise, (Clarke et al., 2008; Crombie
et al., 2004). Additionally, they might feel unsafe when being physi-
cally active (outdoors) due to fear of falling and risk of becoming lost
(van Alphen et al., 2016).

An innovative form of physical exercise is exergaming, which
we define as physical exercise that is interactively combined with
cognitive stimulation in a gaming environment. Sensors register the
player's movements, which influences a game on a connected screen
(Heuvelink et al., 2014). Exergaming is fun and engaging and can con-
tribute to a decrease of apathy and promote social contact. This in
turn can motivate participation (Heuvelink et al., 2014; Meekes &
Stanmore, 2017). Moreover, exergaming can make it easier for peo-
ple with dementia to engage in physical exercise, because they do
not have to worry about becoming lost. An example of exergaming
is interactive cycling: players cycle on a stationary bicycle and can
select aroute on a screen. The speed of the film is determined by the
cycling pace (van Santen et al., 2018).

Previous research demonstrated that exergaming had positive
effects on walking capacity, functional mobility and balance per-
formance in older adults without dementia (Corregidor-Sanchez
et al., 2020; Donath et al., 2016). For people living with dementia
and MCI, exergaming can improve physical, cognitive and social
functioning (van Santen et al., 2020; Zhao et al., 2020).

Although physical exercise has the potential to be cost-effective
(Saha et al., 2018), the cost-effectiveness of exergaming for people
with dementia has not been evaluated before. In a recently con-

ducted randomised controlled trial (RCT), we compared exergaming
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What is known about this topic?

e Physical exercise and exergaming offer benefits to peo-
ple with dementia.

e Exergaming is feasible for people with dementia.

e To date, there is no research into the cost-effectiveness
of exergaming for people with dementia and informal
caregivers.

What does this paper add?

e Exergaming in day-care centres was not cost-effective
compared to activities as usual regarding physical activ-
ity and mobility for people with dementia and Quality-
Adjusted Life-Years (QALYs) for people with dementia
and informal caregivers.

e The results should be interpreted with caution because
of the small sample and many missing observations.

e We recommend improvements in future exergaming
research, e.g., regarding intervention frequency and

choice of outcome measures for quality of life.

(interactive cycling) to usual activities in day-care centres (DCC). In
our RCT, we did find positive effects on the secondary outcomes
of cognition and social functioning of participants with dementia,
as well as on distress in informal caregivers caused by the neuro-
psychiatric symptoms of the person with dementia and the sense
of competence of informal caregivers (van Santen et al., 2020).
However, this was not accompanied by improvements in mobility
(SPPB scores) and/or physical activity, which were our primary study
outcomes. The current paper reports on the outcomes of the accom-
panying cost-effectiveness analysis from a societal perspective for
physical activity and mobility of the participants with dementia, and
Quality-Adjusted Life-Years (QALYs) of persons with dementia and
informal caregivers.

Informal caregivers were included in the cost-effectiveness anal-
ysis, because informal care costs make up a large portion of the total
societal costs of people with dementia. Informal caregivers often
spend the equivalent of a full-time working week caring for the per-
son with dementia (Alzheimer Nederland, 2019; Joling et al., 2015;
World Health Organization, 2017, 2019). As a consequence, informal
caregivers of people with dementia are at increased risk of reduced
psychological well-being and QolL, cognitive dysfunction and de-
pressive disorders, and physical health issues compared to informal
caregivers caring for someone with a different (mental) health dis-
order (Pinquart & Sérensen, 2007; Vitaliano et al., 2003). There are
some first indications that suggest exergaming by the person with
dementia can positively influence the QoL of the informal caregiver
as well, which could result in lower healthcare use and costs (Lin
et al., 2020; Stowell et al., 2019; Unbehaun et al., 2018; van Santen
et al., 2020).
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2 | MATERIALS AND METHODS
2.1 | Study design

We performed an economic evaluation alongside a cluster ran-
domised controlled trial (RCT) evaluating the effectiveness of ex-
ergaming (van Santen et al.,, 2019). In summary, an independent
researcher used Random Allocation Software to randomise DCCs
to the experimental (exergaming) group or the control (traditional,
non-exergaming activities) group (Saghaei, 2004). Measurements
were conducted at baseline (TO), after 3 (T1) and 6 months (T2).
The RCT was approved by the Medical Ethics Committee (METc) of
the Amsterdam University Medical Centers (UMC), location VUmc
(VUmc; NL58227.029.16) and registered in the Netherlands Trial
Register (NTR5537/NL5420). The study protocol of the complete
RCT was published elsewhere but is summarised here (van Santen
et al., 2019).

2.2 | Participants and setting

We recruited a convenience sample of psychogeriatric DCCs
across the Netherlands. Inclusion criteria for participants with
dementia were: a diagnosis of any type of dementia, all ages,
community-dwelling and not expected to be admitted into resi-
dential care in the next 6 months, visiting the DCC at least twice
per week, and an informal caregiver willing to participate. If it
was impossible for a person with dementia to participate in the
exergaming activity (according to DCC staff) due to a severe
physical disorder or (terminal) disease (other than dementia),
they were not invited to participate in the study. The investigator
instructed DCC staff in a one-hour meeting about the research
study procedures and, for the exergaming group, the interven-
tion (this could also be done by the provider of the equipment).
Dyads (participant with dementia, informal caregiver) for the
study were recruited by DCC staff. All participants with demen-
tia and ICs gave written informed consent. Informal caregivers
co-signed the informed consent form of the participant with de-
mentia. People with dementia who were unable to give informed

consent were not included.

2.3 | Intervention

Participants in the exergaming group attended the regular activity
programme at the DCC. In addition, DCC staff encouraged them to
participate in the exergaming intervention (interactive cycling) at
least twice a week for 6 months. If the DCC did not have an interac-
tive cycling system, they had to buy one of the following systems,
which were offered at a discount: DiFiets, Fietslabyrint, PraxFit,
or SilverFit Mile (van Santen et al., 2019). While cycling on a sta-
tionary bicycle (i.e., home trainer), the participant sees a previously

selected route on a connected screen. This offers simultaneous

physical and cognitive stimulation and mimics the experience of
outdoor cycling.

In the control group, participants with dementia attended the
regular DCC activity programme and were not offered exergaming
activities. The regular activities usually consist of activities such as
listening to music, singing, arts and crafts, cooking and physical ex-
ercise, such as (chair) gymnastics and outdoor walking.

2.4 | Outcome measures

The primary outcome of the economic evaluation was QALYs. The
three-level version of the EuroQol questionnaire (EQ-5D-3L) was
used to measure QoL of the participant with dementia him-/herself,
of the participant with dementia through his/her informal caregiver
(proxy), and of the informal caregiver him-/herself at TO, T1 and T2
(Brooks & Group, 1996).

The Dutch EQ-5D-3L tariff was used to convert the EQ-5D-3L
health states to utility scores (Lamers et al., 2005). QALYs were cal-
culated using the area-under-the-curve method in which the time
spent in a health state was multiplied by the utility score of that
health state. Linear interpolation was used to calculate changes be-
tween health states. QALYs were estimated for the participant with
dementia and informal caregiver separately and were also summed
for the participant with dementia and informal caregiver together.

In addition, the cost-effectiveness was also evaluated for the
primary RCT outcome measures of physical activity (in minutes)
and mobility, using the Short Physical Performances Battery (SPPB)
(Guralnik et al., 1994). DCC staff and informal caregivers registered
all physical activities in minutes at DCC and at home over a period
of 7 days using a specifically developed form at each measurement
(TO, T1, and T2). Mobility was measured with the SPPB by evaluat-
ing lower extremity functioning, which strongly correlates with the
risk of mobility disability in older adults (Vasunilashorn et al., 2009).
There are three subtests: balance, gait speed, and chair stands. Total
scores of the SPPB range between O and 12 and are categorised into:
loss of mobility already present (0-3), elevated risk of developing
mobility disability (4-9), and good functioning with no risk of de-
veloping mobility disability (10-12). The interviewers administered
the SPPB at DCC to measure mobility at TO, T1, and T2 (Guralnik
et al., 1994).

2.5 | Cost measures

We measured costs from a societal perspective including costs of
healthcare utilisation (primary care, secondary care, home care
and medication) of both the participant with dementia and the in-
formal caregiver, informal care, additional expenses, and lost pro-
ductivity costs [absenteeism from (un)paid work] for the IC. Costs
were measured using two consecutive cost diaries each covering
a period of 3 months. Costs were calculated using standard prices

from the Dutch guidelines for economic evaluations (Zorginstituut
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Nederland, 2016). Lost productivity costs related to absenteeism
from paid work were calculated using the human capital approach
(Drummond et al., 2015). At the end of the study, DCC staff in
the experimental group was asked to fill out the form 'Costs and
benefits of applied games' to enable calculation of the costs of
the (implementation of the) exergaming intervention (Heuvelink
et al., 2014). We calculated total societal costs by summing all
costs over the 6-month follow-up period for both participants with
dementia and ICs.

2.6 | Statistical analyses

All analyses were conducted according to the intention-to-treat
principle. Missing data were imputed using multiple imputations by
chained equations (MICE). To account for the skewed distribution of
costs, predictive mean matching was used in the MICE procedure.
The number of datasets was increased until the loss of efficiency
was less than 5% (White et al., 2011). Analyses as described below
were performed on each dataset separately, after which results were
pooled using Rubin's rules (Rubin, 2004).

Bivariate regression analyses were performed to estimate the
differences in costs and effects between groups, while accounting
for the correlation between costs and effects in estimating the stan-
dard errors. In the main analysis, costs and effects were adjusted
for baseline MMSE-scores. Incremental cost-effectiveness ratios
(ICERs) were calculated by dividing the difference in total societal
costs between the two groups by the difference in effect. Bias-
corrected accelerated bootstrapping with 5,000 samples was used
to estimate statistical uncertainty surrounding the ICERs. The boot-
strapped cost-effect pairs were plotted in a cost-effectiveness (CE)
plane. In a CE plane, the difference in effects between the treatment
groups is plotted on the x-axis and the difference in costs on the
y-axis, resulting in four quadrants. The northeast (NE) quadrant in-
dicates that the intervention is more expensive and more effective
than control, the southeast (SE) quadrant that the intervention is
less expensive and more effective than control, the southwest (SW)
quadrant that the intervention is less expensive and less effective
than control, and the northwest (NW) quadrant that the intervention
is more expensive and less effective than control. In addition, ‘cost-
effectiveness acceptability curves’ were estimated in which the
probability of cost-effectiveness is plotted against the willingness-
to-pay (WTP) threshold. This WTP threshold indicates the maximum
amount of money society is willing to pay to gain one additional unit
of effect.

A sensitivity analysis was performed in which costs and ef-
fects were adjusted for BMI of the participant with dementia,
and sex, age and level of education of both the participant with
dementia and informal caregiver, in addition to baseline MMSE-
score. Due to the small sample and the high rate of missing data,
it was not possible to impute data for these additional confound-

ing variables.
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3 | RESULTS

3.1 | Participant flow and baseline measures of the
study population

Figure 1 shows the process of enrolment and allocation of DCCs and
participants to experimental group and control group, and the rea-
sons for drop-out (van Santen et al., 2020). In the exergaming group,
11 DCCs participated, and in the control group, 9 DCCs. In total, 112
dyads (73 exergaming, 39 control) were included. The study drop-out
in the exergaming group was 29% for participants with dementia and
42% for informal caregivers, resulting in 52 people with dementia and
42 informal caregivers participating at T2. In the control group, 18%
of participants with dementia and 41% of informal caregivers dropped
out of the study, leading to 32 people with dementia and 23 (41%) in-
formal caregivers participating at T2. No statistically significant differ-
ences were found between participants with dementia and informal
caregivers who dropped out and those who continued with the study.

The baseline characteristics of the study population are pre-
sented in Table 1. There were no statistically significant differences
in baseline characteristics between the exergaming group and the
control group. In the exergaming group, the mean (SD) of minutes
of exergaming during one week by participants with dementia at TO
was 32.4 (39.2), at T1 22.8 (24.7) and at T2 29.8 (32.0).

3.2 | Costs

The form 'Costs and benefits of applied games' was only filled out by
afew DCCs, mostly incompletely. We therefore did not include costs
of the (implementation of the) exergaming intervention in our analy-
sis. Table 2 shows mean costs stratified by treatment group over the
study period of 6 months. For participants with dementia, the differ-
ence in total societal costs between the exergaming group and the
control group was not statistically significant in the first 3-month
period, but over the second 3-month period of the study costs were
statistically significantly higher for the exergaming group (mean dif-
ference 733, 95% Cl: 301 to 2,006). The mean difference in total so-
cietal costs between the exergaming group and the control group for
the two periods together (6 months) was not statistically significant
(207, 95% ClI: -2,585 to 2,203).

For informal caregivers, the differences in total societal costs
between the exergaming group and the control group over the first
3 months of the study, the second 3 months, and the two periods to-
gether (6 months) were not statistically significant (mean difference
-166, 95% Cl: -872 to 635).

After summing of the total societal costs for participants with
dementia and informal caregivers, mean total costs in the exerga-
ming group were €4,127 and in the control group €4,206. The total
costs when adjusted for baseline MMSE-score of the participants
with dementia were €41 higher for exergaming, which was not sta-
tistically significant (95% Cl: -2,893 to 2,308).
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Day-care centres
participate in
experimental group
(n=12)
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Allocation

Dropout (n =1)
due to
reorganisation

\

PWD & IC (n= 73)
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Randomisation of
day-care centres
(n=23)

Day-care centres
participate in control
group (n=11)

Enrolment

y

Baseline (T0)
measurements
PwD (n=68) &

IC (n = 65)

Dropout PwD (n = 6) due to:
- Admission into care home (exp: n=1)
- Aphasia (cont: n=1)

- IC wants PwD to stop (exp: n=1)

- Wants to stop (exp: n =3)

Dropout IC (n = 12) due to:

- Admission PwD into care home (exp: n
=1)

- Aphasia PwD (cont: n=1)

- No dementia PwD (exp: n =1, cont: n =
1)

- PwD wants to stop (exp, n = 2)

- Wants to stop (exp: n =4, cont: n = 2)

Dropout (n = 2) due
to assighment to
control group &

difficult recruitment

y
| PwD&IC(n=39) |

e ——

Y

Baseline (T0)
measurements

\

3-month
follow-up (T1)
PwD (n=60) &

IC (n=53)

6-month intervention

Dropout PwD (n = 12) due to:

- Admission into care home (exp: n =4,
cont: n=2)

- Died (cont: n=1)

- Issues physical health (exp: n=1)

- No dementia (exp: n=1, cont: n=1)

- Wants to stop (exp: n = 2)

Dropout IC (n = 15) due to:

- Admission PwD into care home (exp: n
=5,cont:n=1)

Died (cont: n=1)

- PwD wants to stop (exp: n=2)

- Wants to stop (exp: n =5, cont: n=1)

PwD (n=38) &
IC (n = 35)

N

A4

3-month
follow-up (T1)

PwD (n=34) &
IC(n=32)

A 4

6-month
follow-up (T2)
PwD (n=52) &

IC (n = 42)

Follow-up

A 4

Dropout PwD (n = 10) due to:

- Admission into care home (exp: n =3,
cont:n=1)

- Died (exp: n=1, cont: n=1)

- 1C wants PwD to stop (exp: n=2)

- Wants to stop (exp: n = 2)

Dropout IC (n = 20) due to:

- Admission PwD into care home (exp: n
=2,cont:n=3)

- Died (exp: n=1, cont: n=1)

- Issues physical health (exp: n =1)

- Wants to stop (exp: n=7, cont: n = 5)

\ 4

6-month
follow-up (T2)
PwD (n=32) &

IC (n = 23)

FIGURE 1 Flow chart of day-care centres and participants. Note: From “Effects of Exergaming on Cognitive and Social Functioning of
People with Dementia: A Randomised Controlled Trial,” by J. van Santen, R.-M. Drées, J. W. R. Twisk, O. A. Blanson Henkemans, A. van
Straten and F. J. M. Meiland, 2020, Journal of the American Medical Director Association, 21:12, p. 1958-1967.” Abbreviations: cont, control
group; exp, exergaming group; IC, informal caregiver; PwD, people with dementia
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TABLE 1 Baseline characteristics of the study population

Difference between groups

Variables Exergaming group (n = 73) Control group (n = 39) Test statistic (df) p value

Participants with dementia (PwD)

Age in years, mean (SD) 79.0 (6.0) 79.0 (7.0) t (104) = -0.19 0.99
Gender 72 (1)=0.70 0.40
Male, n (%) 37 (51) 23 (59)
Female, n (%) 36 (49) 16 (41)
Body mass index, mean (SD)? 28.0 (4.7) 29.0(5.5) t (98) = 0.96 0.34
Mini-Mental State Examination, mean (SD)? 18.1(6.7) 19.4 (6.5) t (100) =0.92 0.36
Dementia type, n (%) 7 4)=276 0.60
Alzheimer's 25 (34) 12 (31)
Vascular 6(8) 3(8)
Mixed 3(4) 4(10)
Other 7 (10) 6(15)
Unknown 32 (44) 14 (36)
Living situation, n (%) ;(2 (3)=0.63 0.89
Independent, alone 15(21) 9 (23)
Independent, with others 50 (68) 26 (67)
Unknown 8(11) 4 (10)
Level of education, n (%) ;{2 (3)=1.79 0.62
Primary education or less 15(21) 5(13)
Secondary education 34 (47) 17 (44)
Higher education 13 (18) 10 (26)
Unknown 11 (15) 7 (18)
Civil status, n (%) 72 4)=5.67 0.23
Married/long-term cohabitation 52 (71) 26 (67)
Divorced/unmarried 3(4) 2 (5)
Widow(er)/partner deceased 12 (16) 8(21)
Unknown 6(8) 3(8)
Experience with sports, n (%) 46 (63) 24 (62) ;(2 (1) =0.00 0.98
Experience with cycling, n (%) 57 (78) 33(85) ;(2 (1) = 3.35 0.07
Experience with technology, n (%) 27 (37) 18 (46) ;(2 (1)=1.19 0.28
Experience with computer games, n (%) 12 (16) 6 (15) ;(2 (1) =0.00 0.97
Informal caregivers
Age in years, mean (SD) 65.0(13.0) 67.0(12.0) t(97)=0.91 0.37
Gender 7% (1)=0.01 0.94
Male, n (%) 18 (25) 10 (26)
Female, n (%) 54 (74) 29 (74)
Unknown 1(1) 0(0)
Level of education, n (%) ;{2 (3) = 3.58 0.31
Primary education or less 5(7) 0(0)
Secondary education 32 (44) 19 (49)
Higher education 24 (33) 11 (28)
Unknown 12 (16) 9(23)
Marital status, n (%) 72 (3)=0.66 0.88
Married/long-term cohabitation 62 (85) 33 (85)
Unmarried 4(5) 2(5)

(Continues)
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TABLE 1 (Continued)
Difference between groups
Variables Exergaming group (n = 73) Control group (n = 39) Test statistic (df) p value
Widow(er)/partner deceased 1(1) 0(0)
Unknown 6(8) 4(0)
Living together with PwD 42 (58) 26 (67) 21)=1.62 0.20
Relationship with PwD, n (%) ;(2 (3)=3.65 0.30
Spouse 39 (53) 26 (67)
Son/daughter 22 (30) 6(15)
Other 11 (15) 7 (18)
Unknown 1(1) 0(0)

Note: From “Effects of Exergaming on Cognitive and Social Functioning of People with Dementia: A Randomised Controlled Trial,” by J. van Santen,
R.M. Drées, J.W.R. Twisk, O.A. Blanson Henkemans, A. van Straten and F.J.M. Meiland, 2020, Journal of the American Medical Directors Association,

21:12, p. 1958-1967.
Abbreviation: PwD, Participant(s) with dementia.

?For people of 70 years or older a Body Mass Index between 22-27.9 is considered healthy.

PMini-Mental State Examination ranges from O to 30 (higher score stands for better cognitive functioning; 225 indicates normal functioning).

TABLE 2 Mean societal costs stratified by treatment group and
the mean difference in societal costs between treatment groups
adjusted for MMSE-score at baseline

Difference, mean
(95% Cl)

Societal costs Intervention, Control,
(€) mean (SE) mean (SE)

Person with dementia

Month 1-3  1,613(369)  2,213(1,072) -526(-3,581 to 924)

Month 4-6 1,265 (319) 537(130)  733(301 to 2,006)

Month 1-6 2,877 (640) 2,750 (1,071) 207 (-2,585 to 2,203)
Informal caregiver

Month 1-3 935 (279) 575(143) 387 (-46to 1,155)

Month 4-6 315 (56) 881(436) -553(-1,122 to 187)

Month 1-6  1,250(292) 1,456 (485) -166 (-872 to 635)
Total societal 4,127 (756) 4,206 (1,300) 41 (-2,893 to 2,308)

costs

Abbreviation: MMSE, Mini-Mental State Examination.

3.3 | Clinical effects

Clinical effect outcomes are presented in Table 3. The difference
between the exergaming group and the control group in number
of QALYs experienced over the 6-month follow-up period by par-
ticipants with dementia as assessed by both the participant with de-
mentia and the informal caregiver was not statistically significant.
Also, the difference in QALYs experienced by the informal caregiver
over 6 months between the exergaming group and the control group
was not statistically significant. There were no statistically signifi-
cant differences in SPPB score or the average number of minutes
of physical activity per week of the participant with dementia at
6 months after baseline between the exergaming group and the con-

trol group.

3.4 | Cost-effectiveness

Table 4 shows the cost-effectiveness outcomes for exergaming
compared to control. The ICERs for QALYs experienced by the
participant with dementia were negative, indicating that exergam-
ing was dominated by control (i.e., societal costs were higher and
effects smaller in the exergaming group than in the control group).
Consequently, most bootstrapped cost-effect pairs were located in
the NW quadrant of the CE plane.

For QALYs experienced by the informal caregiver, the ICER
was 1,316, indicating that, compared to the control group, €1,316
more needs to be invested to gain 1 QALY in the exergaming
group. Thus, most cost-effect pairs were located in the NE quad-
rant of the CE plane. The cost-effectiveness acceptability curve
(Figure 2) shows that if society is not willing to invest any money
to gain one QALY, that is a ceiling ratio of €0 per QALY gained,
the probability that exergaming is cost-effective compared to the
control group is 0.46. At willingness-to-pay (WTP) thresholds of
€10,000 and €20,000 per QALY gained, this probability was 0.57
and 0.64, respectively.

The ICER for SPPB (outcome to measure mobility) was 533,
which means that to gain one point on the SPPB €553 needs to be
invested in the exergaming group in comparison with control (most
cost-effect pairs in the NE quadrant). The cost-effectiveness curve
(figure not shown) indicates that if society is willing to pay €0, 1,000
or 5,000 per point gained on the SPPB, the probability of cost-
effectiveness of exergaming compared to control is 0.46, 0.51 and
0.55 respectively.

To gain one additional minute of physical activity €0.70 needs to
be invested in the exergaming group compared to the control group
(most cost-effect pairs in the NE quadrant). The cost-effectiveness
acceptability curve (figure not presented) shows that the probability

that exergaming is cost-effective compared to control is 0.46, 0.84
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TABLE 3 Clinical effect outcomes by
treatment group adjusted for MMSE-

. Outcome measure
scores at baseline

QALYs PwD
QALYs PwD (IC)
QALYs IC

SPPB

Physical activity PwD (in minutes)

1801
EERTE I ey

Intervention, Control, Difference, mean (95%

mean (SE) mean (SE) Cl)
0.36 (0.017) 0.42(0.015) -0.053 (-0.097 to 0.009)
0.22(0.017) 0.24 (0.026) -0.014 (-0.076 to 0.048)
0.42(0.011) 0.39 (0.02¢) 0.032 (-0.024 to 0.087)
7.4.(0.30) 7.8 (0.40) 0.077 (-0.87 to 1.02)
278 (50) 184 (29) 59 (-44 to 162)

Abbreviations: IC, informal caregiver; MMSE, Mini-Mental State Examination; PwD, participant
with dementia; QALYs, Quality-Adjusted Life-Years; SPPB, Short Physical Performance Battery.

TABLE 4 Incremental cost-effectiveness estimates for the intervention in comparison with control
Distribution on CE plane

Outcome AC (95% CI) AE (95% Cl) ICER NE SE SW NW
Adjustment for MMSE only (n = 112)
QALY PwD 41 (-2,825 to 2,297) -0.053 (-0.09 to 0.009) -781 1% 0% 46% 53%
QALY PwD (IC) 41 (-2,825 t0 2,297) -0.014 (-0.076 to 0.048) -2,951 16% 17% 29% 38%
QALY IC 41 (-2,825 to 2,297) 0.032 (-0.024 to 0.087) 1,316 48% 39% 7% 6%
SPPB 41 (-2,825 t0 2,297) 0.077 (-0.87 to 1.02) 533 31% 26% 20% 23%
Physical activity (minutes) 41 (-2,825 t0 2,297) 59 (-44 to 162) 0.70 47% 40% 6% 7%
Full adjustment? (n = 82)
QALY PwD 75 (-3,996 to 3,012) -0.055 (-0.11 to -0.0029) -1,350 2% 1% 44% 53%
QALY PwD (IC) 75 (=3,996 to 3,012) -0.0039 (-0.070 to 0.062) -19,285 22% 20% 25% 32%
QALY IC 75 (-3,996 to 3,012) 0.046 (-0.026 to 0.12) 1,626 48% 41% 4% 6%
SPPB 75 (3,996 to 3,012) 0.28 (-0.74 to 1.30) 266 40% 32% 13% 14%
Physical activity (minutes) 75 (-3,996 to 3,012) 89 (-58 to 237) 0.84 49% 41% 4% 5%

Abbreviations: CE plane, cost-effectiveness plane; IC, informal caregiver; ICER, incremental cost-effectiveness ratio, MMSE, Mini-Mental State
Examination; NE, northeast; NW, northwest; PwD, participant with dementia; QALY, Quality-Adjusted Life-Year; SE, southeast; SPPB, Short Physical
Performances Battery; SW, southwest; AC, difference in costs; AE, difference in effects.

?Adjustment for Body Mass Index of the PwD, and sex, age and level of education of both the PwD and the IC.

and 0.87 at WTP thresholds of €0, 50 and 250 per additional minute

of physical activity, respectively.

3.5 | Sensitivity analysis

Due to missing values in the confounders, the fully adjusted cost-
effectiveness analysis included only 82 dyads (53 in the exergaming
group and 29 in the control group). Table 4 shows the results of this
adjusted analysis. The difference in societal costs between exergam-
ing and control in the fully adjusted analysis is comparable to the
cost difference in the main analysis. Again, uncertainty was large and
the difference was not statistically significant. In this adjusted analy-
sis, the number of QALYs according to the participants with demen-
tia themselves in the exergaming group was statistically significantly
lower than in the control group. ICERs indicate that exergaming was
more expensive and less effective than the control group for QALYs
experienced by the participants with dementia, both according to
themselves and their informal caregivers. For QALYs experienced

by the informal caregivers, for SPPB scores and minutes of physical

activity, exergaming was also more expensive, but also more ef-
fective than control. However, uncertainty was still considerable
as shown by the distribution of the bootstrapped cost-effect pairs
across the CE plane. Moreover, probabilities of the adjusted cost-
effectiveness were similar to the main analysis.

4 | DISCUSSION

We found that exergaming by participants with dementia in DCC
was not effective nor cost-effective compared to care as usual for
our primary outcome measures: QALYs, physical activity and mobil-
ity (SPPB).

Previous research showed that physical activity and exergaming
can benefit people with dementia and their informal caregivers on
various outcomes, such as physical, cognitive, emotional and so-
cial functioning and QoL (Blondell et al., 2014; Corregidor-Sanchez
etal.,2020; Donath et al., 2016; Heyn et al., 2004; Pitkala et al., 2013;
Potter et al., 2011; Stowell et al., 2019; Unbehaun et al., 2018; van
Santen et al., 2018, 2020; Zhao et al., 2020).
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FIGURE 2 Cost-effectiveness acceptability curve for Quality-
Adjusted Life-Years experienced over the 6-month follow-up period
by the informal caregiver (exergaming versus control)

The fact that exergaming could not be considered cost-effective
compared to regular day-care activities in our study may have been
caused by the small sample size and perhaps by participants not
performing exergaming activities often enough to benefit with re-
gard to our primary outcome measures. In our study, the average
number of minutes of physical activity of participants per week
was less than the recommended amount of physical activity, even
with exergaming. Nevertheless, on average, the amount of physical
activity per week by participants with dementia in the exergaming
group was higher than by participants with dementia in the control
group. Although the difference was not statistically significant, this
seems to indicate a positive trend in favour of exergaming. In future
studies, participants should preferably engage in the exergaming in-
tervention more than our minimum of twice per week, although we
are aware that a frequency of more than twice per week will have
consequences for the recruitment of DCCs and participants, as part
of the participants with dementia only visit the DCC twice a week.

Previous research has shown that adherence can be an issue for
physical exercise interventions, but exergaming seemed to motivate
people to exercise longer (Meekes & Stanmore, 2017; Unbehaun
etal., 2018; Windle et al., 2010). In our sample, 24% from the exerga-
ming group dropped out of the research study between TO and T2,
compared to 16% in the control group. However, only four persons
in the intervention group reported the reason was that they wanted
to stop exergaming (6%). We can therefore conclude that adherence
to exergaming was not an issue in our study.

As far as we know, no previous studies have evaluated the cost-
effectiveness of exergaming for people with dementia and informal
caregivers. We did find one study demonstrating that exergaming
was cost-effective compared to standard care (physiotherapy advice
and leaflet) as a fall prevention strategy for people aged 55 years
or older (Stanmore et al., 2019). This suggests that exergaming can

potentially be cost-effective compared to usual care on different

outcomes. The body of research needs to be expanded to enable
definitive conclusions.

This study had several limitations. The small sample size and
high amount of missing data mean the study is underpowered.
Consequently, there was large uncertainty surrounding the results.
Reasons for the small sample size were difficulties in recruiting
participants, which was often (partly) related to informal caregiver
burden. In addition, there was a substantial percentage of drop-out,
which was higher than we expected for this target group during a 6-
month intervention period. Reasons for drop-out were, for example,
admission into a residential care setting, physical illness and death.
In addition, the measurement instruments were sometimes burden-
some for participants, more specifically the informal caregivers. For
example, keeping cost diaries on paper can be time consuming, is
easily forgotten, and prone to errors. The diaries were sometimes
also got lost at home or in the mail. This resulted in many missing
data. All of this may also have led to data bias.

To measure QoL both for participants with dementia and infor-
mal caregivers, we used the EQ-5D-3L and the EQ-5D-3L proxy
version using informal caregivers as proxies (Brooks & Group, 1996).
Previous research showed that the use of the EQ-5D can be ambigu-
ous for people with dementia and informal caregiver proxies, as large
differences are found in self-report ratings of people with dementia
and proxy-ratings, as well as between different informal caregivers
as proxies (i.e. between children and spouses of people with demen-
tia) (Hounsome et al., 2011; Orgeta et al., 2015).

Costs of the (implementation of the) exergaming intervention
were not included in our analysis. However, as the exergaming
equipment is used by many people over several years, the costs per
participant are expected to be low. Therefore, the inclusion of these
costs would most probably not have changed the overall results.

Despite these limitations, this study contributes to a base for
further research into the cost-effectiveness of exergaming for peo-
ple living with dementia. The described limitations offer suggestions
for improvement in future research, for example with regard to the
frequency of engaging people in the exergaming intervention or the
choice of outcome measures to assess the quality of life in this target
group.

In conclusion, this study found that exergaming in DCC was not
cost-effective compared to treatment as usual for participants with
dementia and informal caregivers regarding the primary outcomes of
this study, i.e., QALYs, physical activity and mobility (based on SPPB
scores). However, considering the large uncertainty surrounding the
results due to the small sample size and the high rate of missing data,
we cannot draw a definitive conclusion on the cost-effectiveness
of exergaming based on this study. We recommend future studies
with larger samples specifically set up to further explore the cost-
effectiveness of exergaming for this target group, possibly also in
different settings such as at home and residential care settings.
Relevant for resource allocation in healthcare is not only effects but
also factors such as cost-effectiveness. Therefore, more in-depth
investigation of which physical, emotional and social outcomes exer-

gaming may be cost-effective for could be worthwhile.
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